R. solani-free field soil, and 250 g of the test soil, plus whether the 0.35-mm screen retained essentially all the cotten segments, was layered on the surface and covered particles that contain R. solani. Seven soils that contained by an additional 3 cm of soil. Two pots were used for each high populations of R. solani were screened, and the 500-g sample. The soil was moistened to capacity by sub-portion that passed through the screen was tested for the irrigation and held in a greenhouse for 4 days at 27 C. The presence of R. solani by the cotton stem colonization tissue pieces were then recovered, washed, and plated on procedure. The pathogen was detected only in one case in 2% water agar to determine the percentage of segments soil that passed through the 0.35-mm screen (Table 1) , colonized by R. solani.
and no disease occurred when cotton seedlings were Determination of field population of Rhizoctonia grown in the screened portions of two of the soils. In solani.-Soil was collected from 26 fields in the San contrast, severe lesions developed on seedlings grown in Joaquin Valley of California. The population of R. solani the original nonscreened soil. Apparently, the 0.35-mm was determined by both the screening and stem-screen is adequate to remove inoculum of R. solani. colonization procedures. In addition, soil from several Procedures to determine the population of a soilborne fields was placed in pots in the greenhouse and used to pathogen generally necessitate the assaying of a large grow cotton seedlings. As a further check on the quantity of soil. It was found that 50-g samples could be effectiveness of the screening assay to detect natural processed conveniently. To evaluate the precision of the populations, soil was collected from fields at the time they method, four soils were selected and nine 50-g subsamples were planted to cotton and assayed for R. solani. of each soil were assayed. The mean population/ 100 g (at Nontreated seed was planted in these commercial fields, confidence limits, P = 0.05), and the coefficient of and then at 4-to 7-day intervals for about 6 wk, seed and variation (%) for the four soils were as follows: 2.5 + 1. 1, seedlings were removed, observed for damage, and 71.2%; 5.0 ± 1.4, 37%; 6.1 ± 1.7, 43%; and 7.3 ± 2.2,42%. isolations made from nongerminated seed and from For routine sample analysis, three 50-g subsamples were suspect hypocotyl lesions, used. This appeared to be satisfactory for most purposes, Establishing known populations of Rhizoctonia and the variation between duplicate assays seldom solani.-Another approach to assessing the validity of the exceeded 50%. data on natural populations of R. solani was to determine Disease occurrence in relation to known populations of disease occurrence in relation to known populations ofR. Rhizoctonia solani.-A population of 5.0 solani. Propagules of the pathogen were obtained for propagules/ 100 g was established by incorporating 2-mm incorporation into soil by growing the fungus for 5 days diameter mycelial disks into the soil. The mean survival of on a liquid medium in petri dishes. The medium cotton seedlings grown in this soil in the greenhouse was contained 20 g glucose, 0.5 g asparagine, and necessary 50% compared with 100% in the noninfested check soil. macro-and micronutrients in 1 liter of water (11). Disks These data are based on three replications with 10 (2 mm in diameter) were cut from the mycelial mat and seeds/ replication. The test was done three times with incorporated into soil free of R. solani to give the desired similar results each time. population. Each disk was considered to be a propagule.
To determine the relationship between natural The soil was from the San Joaquin Valley. Cotton was propagule number and disease, soil with a high grown in the infested soil in the greenhouse, and disease population of R. solani (15 propagules/ 100 g) was diluted incidence was determined 9 days after planting. The water with noninfested soil to give a population of five potential of the soil, measured with a tensiometer, ranged propagules/ 100 g. The mean survival of cotton seedlings from -0.15 to -0.65 bars during the test. grown in this soil was 42%. This value is based on three tests with four pots, with seven seeds per pot. RESULTS Soil samples were collected from 14 commercial cotton fields and assayed for R. solani. Nontreated seed was Reliability of the quantitative assay procedure.-A planted at the sample location in each field. The pathogen primary consideration in evaluating the procedure was was not detected in nine of these soils and there was no evidence of disease due to R. solani on the emerging laboratory technique was used in which 5-day-old seedlings. In five soils, however, the pathogen was seedlings were inoculated with mycelium (11). There was detected and there was a low incidence of hypocotyl variability in virulence, but all were pathogenic to cotton. lesions from which R. solani was isolated.
Four typical isolates were tested for anastomosis affinities Natural populations of Rhizoctonia solani.-Sixty and found to belong to anastomosis group (AG) 4. The fields were sampled to determine the population of R. hyphal cells of the four isolates were multinucleate. solani in agricultural soils. All of the fields, except two Soils from other areas in California also were assayed alfalfa fields, were planted to either cotton or potatoes at for R. solani. Potato field soils from Santa Barbara the time of sampling. An area of approximately 250 m 2 County and bean field soils from Sutter County was sampled with either a soil tube or a trowel. The contained populations up to 6.0 propagules/ 100 g. All samples were composited and assayed by both the isolates of R. solani recovered from these soils belonged screening technique and the tissue-colonization to AG 4. Potatoes are grown in the Tulelake area on peat procedure.
soils. When this soil was assyed, isolates of both AG 3 and No special precautions were taken in handling the AG 4 were recovered. Assay of this soil was facilitated by samples because repeated assays revealed that the soaking the material retained on the screen for 1 min in a population did not change during I mo of storage at room 0.5% solution of sodium hypochlorite before plating. This temperature. The population of R. solani in 26 fields treatment increased the recovery rate and reduced varied from not detectable to 15 propagules/ 100 g of soil. variability. The recovery of R. solani from the San There was a close agreement between the quantitative Joaquin Valley soils was not influenced by treating with data obtained with the screening technique and the sodium hypochlorite. percentage of cotton stem pieces colonized by R. solani (Fig. 1) . The correlation coefficient for data obtained by DISCUSSION the two procedures was 0.90, which was significant at P= 0.001. Soils from an additional 34 fields were assayed only This report presents a rapid and reliable quantitative by the screening technique. When the data from the 60 assay for the population of R. solani in agricultural soils. fields were used, the following distribution was obtained:
The accuracy of this procedure is verified by several types 22, 24, 6, and 8 fields had populations within the of data. The fact that R. solani was rarely detected in soil ranges of 0 to 0.5, 0.6 to 2.0, 2.1 to 5.0, and greater than that had passed the 0.35-mm mesh screen, by either the 5.0 propagules/ 100 g soil, respectively. Therefore, 76.7% cotton stem colonization procedure or a bioassay of the areas sampled in cotton-and potato-growing soils involving cotton seedlings, indicates that this screen contained less than 2.0 propagules of R. solani! 100 g of removes essentially all of the propagules of R. solani. soil.
Furthermore, no infection of cotton seedlings grown Isolates recovered from soil by the screening assay were from nontreated seed was observed in commercial fields identified as R. solani on the basis of colony morphology, that were determined to be free of R. solani by the To further verify their identity, over 50 representative screening assay. isolates were tested for pathogenicity to cotton. A Rhizoctonia solani is a broad species comprised of at least four anastomosis groups (9). Only isolates that belong to AG 4 were recovered from the soils assayed, procedures should be useful in studies on the ecology of R. solani, and used together they would increase the Fig. 1 . Relationship between population of Rhizoctonia solani reliability of data on population. in field soil, as determined by the screening assay, and the Based on the data obtained in this study, the percentage of cotton stem segments colonized by the pathogen. population of R. solani in natural soils is relatively low. Each population value is based on at least three 50-g samples. Pieces of cotton stem were incubated in soil in the greenhouse for Seventy-seven percent of the soils sampled had a 4 days; each value is based on 100 pieces. Twenty-six soils were population less than 2.0 propagules/ 100 g of soil, and assayed. Correlation coefficient for data from the two 15.3 propagules/ 100 g was the highest population procedures is 0.90; significant at P = 0.001.
detected. These values appear realistic based on the fact 
